Objective: This study
Introduction
Maternal mortality remains one of the significant public health challenges. Globally, the number of maternal deaths was reduced by 50% between 1990 and 2010, from more than 540,000 deaths in 1990 to 287,000 deaths in 2010 1) . Nevertheless, this burden is unevenly distributed across the world; women in developing countries face a 15 times higher risk of dying during pregnancy or from childbirth-related complications than women in developed countries 2) . In the last few decades, Vietnam has experienced a political change and rapid economic growth and has achieved a remarkable improvement in maternal health. The political and economic reforms launched in 1986 transformed Vietnam from one of the poorest countries in the world to a lower middle income country with a per capita income of 1130 USD by the end of 2010 3) . The maternal mortality ratio fell from 233/100,000 live births in 1990 to 69/100,000 live births in 2009; however, slowdown of the rate of reduction between 2006 and 2009 4) indicates that the government needs to make major efforts to reduce maternal mortality by finding breakthroughs in policies and health programs 5) . A growing body of evidence suggests that stark disparities in maternal mortality and utilization of reproductive health services exist both between countries and within countries 6) . Inequalities in antenatal care (ANC), skilled birth attendance, and health-facility-based delivery between groups according to wealth quintile [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , education status zation of various reproductive health services in Vietnam; earlier studies in Vietnam were based on local samples or on a single survey [17] [18] [19] . Additionally, studies on inequality in reception of specific components of antenatal care services, including blood pressure measurement, blood examination, and urine examination, and HIV testing during pregnancy, are limited.
Using three rounds of nationally representative data in Vietnam, we attempted to assess changes in the inequalities associated with utilization of seven indicators of reproductive health services, namely a) receiving antenatal care; b) receiving tetanus toxoid vaccination (TT); c) receiving ANC components recommended by the World Health Organization (WHO), namely blood pressure measurement, blood examination, urine examination, and HIV testing; d) skilled birth attendance; e) delivery at a health facility; and f) cesarean section delivery by wealth status. The objective of this study was to examine the trends of inequalities in utilization of reproductive health services in Vietnam from 2000 to 2011. In the MICS, households were selected by two stage sampling from urban and rural areas. The primary sampling units were census enumeration areas, and they were selected with probability proportional to size. The secondary sampling units were households, and they were selected by systematic sampling from the household list for each sampled enumeration area.
Methods

Data sources and sampling
Subjects
In each survey, women aged 15 to 49 years were eligible to complete the women's questionnaires on maternal and child health behaviors and outcomes. The numbers of respondents were 9117 of the 9346 eligible women in the MICS 2000 (response rate: 97.5%), 9473 of the 10,063 eligible women in the MICS 2006 (94.1%), and 11,663 of the 12,115 eligible women in the MICS 2011 (96.3%).
Among respondents, those who had given birth to a live infant within 2 years preceding the date of the interview in the MICS 2006 (n = 1023) and the MICS 2011 (n = 1363) were included in our study. In the MICS 2000, data were collected from women who had a live infant within 1 year preceding the date of interview (n = 550). Detailed descriptions of the study design and the methods used for data collection are described in household survey reports [20] [21] [22] .
Measurement
To assess reproductive health services utilization, we analyzed six binary dependent variables: 1) at least one ANC visit; 2) receipt of any TT; 3) receipt of ANC components as recommended by the WHO, i.e., blood pressure measurement, blood examination, urine examination, and HIV testing during the most recent pregnancy; 4) skilled birth attendance; 5) health-facility-based delivery; and 6) cesarean section delivery for the most recent live-birth delivery. Skilled birth attendance was defined as attendance by a doctor, nurse, or midwife at delivery. Delivery at a health facility was defined as delivery at a government or private health facility. Because of unavailability of data regarding blood pressure measurement, blood examination, and urine examination in MICS 2000, we analyzed MICS 2006 and MICS 2011 for these variables. Because of unavailability of data regarding cesarean section delivery in MICS 2000 and MICS 2006, we analyzed MICS 2011 for this variable.
The household wealth index was developed by a principal component analysis using data on a household's ownership of selected assets, such as televisions and bicycles, materials used for housing construction, and types of water access and sanitation facilities [20] [21] [22] . Each household was then weighted by the number of household members, and the household population was divided into five groups of equal size, from the first quintile (poorest) to the fifth quintile (richest), based on the wealth index scores of the households in which the household members were living [20] [21] [22] . We included theoretically pertinent socioeconomic and demographic factors as independent variables. We classified current maternal age into three groups: a younger group (15-24 years), a middle-age group (25-34 years), and an older age group (35-49 years) . Maternal education was classified based on the formal education system in Vietnam: no education (0 years), primary education (1-5 years), secondary education (6-9 years), and higher education (10 years or more). Then, the binary variable for education, incomplete primary education or lower and primary education or higher, was used for analyses. Place of residence was categorized as rural or urban. Parity was categorized as one, two, and three or more.
Statistical analysis
The overall prevalence was calculated by year of survey, and the difference by year was examined by a chi-squared test for trend. The increases in prevalence between 2000 and 2011 and between 2006 and 2011 were calculated.
As measures of inequalities, the prevalence difference, prevalence ratio, and concentration index were calculated for each dependent variable.
The prevalence differences were calculated by subtracting the prevalence for the poorest wealth quintile from the prevalence for the richest quintile. The prevalence ratios were calculated by dividing the prevalence for the richest wealth quintile by the prevalence for the poorest quintile.
Concentration curves were drawn by plotting the cumulative percentages of the health variable (y-axis) against the cumulative percentages of the population, ranked according to living standards, beginning with the poorest and ending with the richest (x-axis). Drawing the concentration curves in this way showed the cumulative use of health interventions by each wealth quintile. Concentration curves that fall below the diagonal line (line of equality) signify the presence of inequality favoring the rich, whereas concentration curves that fall above the line of equality signify that the inequality favors the poor. Concentration curves for the same variable in different time periods can be plotted on the same graph. If the concentration curve for one time period lies everywhere closer to the line of equality than the concentration curve for another time period, the first curve is said to dominate the second, and the ranking by degree of inequality is unambiguous. Non-dominance arises when concentration curves cross, and when they cross, a summary index of inequality is required in order to rank time periods by degree of inequality.
The standard concentration index was defined as twice the area between the concentration curve and the diagonal line, and it provides a measure of the extent of inequalities in health service utilization that are systematically associated with socioeconomic status. Concentration index values range between -1 and +1, with 0 indicating perfect equality, -1 indicating that all the health service utilization is concentrated in the hands of the most disadvantaged persons, and +1 indicating that all the health service utilization is concentrated in the hands of the least disadvantaged persons 23) . We also calculated the corrected concentration index for the binary health indicator proposed by Erreygers 24) . We created a fully adjusted model to analyze the risk factors of each health service utilization outcome by entering all the covariates simultaneously into a linear regression model. Multicollinearity in the linear regression analyses was checked by examining the variance of inflation factors. No variance inflation factor was higher than 2.0 in the present analyses, and no variables were removed from the model. We estimated adjusted regression coefficients to assess the strength of associations and used 95% confidence intervals for significance testing. The Stata MP V.11 Statistical Software (Stata Corp., College Station, Texas, USA) was used to perform all of the analyses.
Ethical considerations
This study was a data analysis of publicly available data, which did not contain any individual identifiers. After being read a document emphasizing the voluntary nature of this project, outlining the potential risks, and explaining that the information gathered would be used to assess health care needs and to plan health services, all of the eligible subjects were asked to give their informed consent to participation in the survey. Participants were allowed to withdraw from the survey at any time. Table 1 shows the sociodemographic profile of the women. The proportion of women who had completed primary education increased from 64.4% in 2000 to 90.4% in 2011, and the proportion of women with three or more children decreased from 29.1% in 2000 to 16.4% in 2011 (all P < 0.001 by chi-square test for trend in proportions). Table 2 Figure 1 shows the trend in the reproductive health ser-vices utilization by wealth status. The differences between the poorest and the richest groups tended to decrease over time in regard to visiting an ANC, skilled birth attendance, and health-facility-based delivery, based on both the prevalence difference and the prevalence ratios. Figure 2 presents concentration curves of individual variables. For all reproductive health services, the curves were below the line of equality in all three years. The concentration indices for ANC, urine examination, blood examination, skilled birth attendance, and health-facilitybased delivery tended to be lower between 2000 and 2011. Table 3 shows the partial regression coefficients for reproductive health services utilization according to sociodemographic characteristics after adjustment for the change in education, place of residence, age, and parity. Mothers in the richer households were significantly more likely to utilize individual services, except for receipt of a tetanus vaccine in 2000 and receipt of blood pressure measurement in 2006 (both P > 0.05). An increase in the magnitude of the point estimates of the association between wealth index and indicators related to reproductive health service utilization from 2000 or 2006 to 2011 was observed for receipt of blood pressure measurement, blood examination, urine examination, and HIV testing. The regression coefficients tended to decrease for utilization of ANC, skilled birth attendance, and health-facility-based delivery.
Results
Descriptive statistics
Multivariate analysis
When comparing urban with rural areas, the difference in prevalence declined from 0. 
Discussion
The findings from analysis of three rounds of a large nationally representative survey showed a substantial increase in the utilization of reproductive health services between 2000 and 2011. Both the prevalence ratios and concentra- Numbers are unweighted; percentages are adjusted by weighting. tion indices showed that inequality in reproductive health services utilization favoring wealthier mothers decreased over time for utilization of ANC, skilled birth attendance, and health-facility-based delivery. On the other hand, an increasing tendency was observed in at least one of the inequality measures for receipt of TT vaccination, blood pressure measurement, urine examination, blood examination, and HIV testing. The cesarean section rate in 2011 was higher than the rate of 15% recommended by the WHO. The utilization rate of cesarean section was found to be higher among the richer women than poorer women.
The overall percentages of utilization of ANC, skilled birth attendance, and delivery at health facilities have achieved reasonable levels, and inequalities in the utilization of these services by wealth status have declined in Vietnam. However, inequalities in utilization of components of reproductive health services continue to favor wealthier women.
Women's health care in Vietnam has improved over the past several decades. Facilities, hospitals, clinics, and training of medical personnel have all gradually improved, and the improvements have made reproductive health services accessible to all women in the country 25, 26) . From 2000 to 2011, the number of health-care facilities increased from 13,117 to 13,467 units, and the number of midwifes increased from 142,000 to 268,000 27, 28) . There are factors that were not directly captured by the current study that may stand as barriers causing the lower utilization of reproductive health services among poor mothers. These include distance to health facilities as well as a lack of transportation and accommodations for mothers and their family members; shortages of equipment, drugs, and staff at health facilities; informal payments; and a growing private sector, together with a weak public health insurance system, and they are important determinants of the lower rates of reproductive health services utilization, particularly for poor women [29] [30] [31] [32] [33] [34] [35] . Further efforts to improve equality in the utilization of reproductive health services by poor mothers are therefore essential in Vietnam.
The results of the present study showed that rural mothers were less likely to utilize reproductive health services than mothers in urban areas. This finding was consistent with results of several other studies in developing countries [28] [29] [30] [31] [32] , and similar results were also obtained in some previous studies in Vietnam [33] [34] [35] . Although reproductive health services in Vietnam have been expanded in the last two decades, their expansion has not promoted health equality because the expansion has largely been in urban centers 27 , Figure 1 Continued. 28) . As a result, the utilization of reproductive health services by the poor, particularly by the ethnic minorities in the hills and underserved rural regions, has remained low 18) . Our findings also revealed that the differences in prevalence declined for receipt of all three ANC components and HIV testing when comparing urban areas with rural areas. These results are consistent with findings in Bangladesh, where urban and rural differences in the prevalence of ANC, skilled birth attendance, and health-facility-based delivery declined between 1995 and 2010 36) . The present results may be caused by the expansion of reproductive health services in Vietnam in the last decade, particularly those for receipt of ANC, skilled birth attendance, and health-facility-based delivery in rural areas.
Our findings showed the existence of a huge rich-poor gap in HIV testing utilization among pregnant women in Vietnam even during the decade between 2000 and 2011. The low rate of HIV testing utilization even where care is free-of-charge suggests that other factors, such as potential stigma and cultural constraints, have played important roles in discouraging pregnant women from utilizing HIV testing services 37) . Moreover, the recent financial crisis has resulted in funding cuts for the HIV diagnosis program in Vietnam [38] [39] [40] , and for that reason, HIV diagnosis might not be free in some locations in Vietnam, meaning that pregnant women might have to pay. Around half of Vietnamese have a daily income below 2 USD, and nearly a quarter of the population lives below the international poverty line 41) . Since the cost of an HIV test is substantial, approximately 3 USD, it is a large financial burden for poor women 42, 43) . Reducing poverty and making services more available and accessible to the poor may be essential to improving the utilization of HIV testing in Vietnam.
The results of our study showed a high cesarean section rate (20%) in 2011. This figure is higher than the WHO's recommended optimal level (15%) 44) . Both increased demand and increased supply may act as drivers for such a higher rate of cesarean section delivery in Vietnam. On the demand side, when having one child is the norm, older and rich women may request a cesarean section for reasons such as fear of pain, safety of the child, fast recovery, and better sex life than after vaginal delivery [45] [46] [47] [48] [49] . Our findings also demonstrated that wealthier, one-child, or older (25-49 years) mothers were more likely to utilize cesarean section delivery than the poorest, higher-parity, or younger mothers. On the supply side, the influence of physicians in choosing cesarean section in nonemergency situations has been well documented by previous studies 50, 51) . Furthermore, many families in Vietnam opt for cesarean section because they want their babies to arrive at a lucky time of day. Further in-depth analyses are needed in order to understand the high rate of cesarean section delivery, particularly that among rich mothers in Vietnam.
As expected, there were positive associations between a primary or higher level of maternal education and the utilization of ANC, skilled birth attendance, health-facil- The β values were estimated by multivariable linear regression analyses. All covariates in the table were included in the regression model. Table 3 Continued ity-based delivery, and TT vaccination. Numerous studies conducted in developing countries over the past decade have also shown a nearly universal, positive association between maternal education and the utilization of reproductive health services, and this association has been found in many societies even when the household socioeconomic status remained constant 6, 8, 11, 14, 52, 53) . The results of the present study also revealed a significant negative association between higher parity and reproductive health services utilization. This finding is consistent with the results reported by studies 6, 54, 55) conducted in other developing countries, in which higher parity mothers were found to be less likely to utilize reproductive health services. Furthermore, mothers in Vietnam who were expecting their third or higher child may have neglected to attend prenatal care sessions for fear of being reprimanded because of the government's two-child policy, even though this policy was officially abolished in 2003 56) . Thus, this prior policy may have created yet another barrier to the utilization of maternal health services.
Our findings in the present study suggest the need for strategies, programs, and policies that aim to enable and enhance the access of women to reproductive health services and their satisfaction with such services, as well as the need to provide clear information about health services, particularly to women in lower economic strata and those living in rural areas.
Strengths and limitations
The main strength of the present study is that the data came from three large nationally representative surveys performed in 2000, 2006, and 2011. A national sample of women aged 15-49 years who had given birth to a live infant in the 1 or 2 years preceding the surveys provided a sufficient sample size for the multivariable analysis of most of the outcome variables to be statistically significant as well as for all of the concentration indices to be significantly greater than 0. The standardized questionnaire format was carefully developed to ascertain accurate information from the participants, the interviewers were trained, and the fieldwork was monitored by representatives of the Ministry of Health in Vietnam and UNICEF. Our analyses to measure the household economic statuses of the participants were based on the household wealth index, which is generally considered a good proxy for household economic status, especially in developing country like Vietnam, where it is hard to obtain reliable income and expenditure data. We applied measures of inequality that were appropriate for assessing the longterm trends in inequalities in reproductive health services utilization in Vietnam, and such an assessment is essential to making decisions about future health policy. Evaluation of inequality using various indices enabled us to better interpret the trends by wealth index.
This study had several limitations. The first limitation was that because the data was based on self-report, recall bias may have been possible. However, the recall period was limited to 1 or 2 years to minimize recall bias. Second, three or more ANC visits are recommended 57, 58) ; however, we could not consider number of visits in our study, as MICS 2000 and MICS 2006 did not collect such information. We would certainly consider this point in future. Third, because no data were available for women aged 15-49 years who had given birth to a live infant in the 2 years preceding the date of the interview in the MICS 2000, we only considered data for eligible women had given birth to a live infant in the 1 year preceding the survey for the year 2000, and this limitation may have led to more accurate information from 2000 data when compared with the MICS 2006 and MICS 2011 data.
Conclusions
Over the 12-year period of 2000 to 2011, inequality in the utilization of ANC, skilled birth attendance, and healthfacility-based delivery decreased in Vietnam. The present study showed that utilization of reproductive health services favored wealthier mothers in 2000 and that there was still a persistent wealth gap in reproductive health services utilization in 2011. Higher parity women, women of low education level, women living in rural areas, and younger women had lower likelihoods of reproductive health services utilization.
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